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(57) ABSTRACT

A linear vibration motor according to an aspect of the mnven-
tion may include: a case having a cavity to receive a mass
therein; a movable part generating a magnetic field inside the
case and moving 1n a transverse direction while being secured
to the mass; a coil part generating a force, by which the mass
performs a linear reciprocating motion, by interaction with
the magnetic field generated from the movable part upon

receiving power; and a support plate dividing the cavity in
which the coil part 1s mounted to face the movable part.

12 Claims, 7 Drawing Sheets
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1
LINEAR VIBRATION MOTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the prionity of Korean Patent

Application No. 10-2009-0022049 filed on Mar. 16, 2009, in
the Korean Intellectual Property Ofifice, the disclosure of
which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a linear vibration motor,
and more particularly, to a linear vibration motor that vibrates
in the transverse direction within a mobile terminal to thereby
reduce the thickness of the mobile terminal.

2. Description of the Related Art

In general, vibration motors convert electrical energy 1nto
mechanical vibrations by generating an electromagnetic
force. Vibration motors have gradually been reduced in size
and weight. These smaller vibration motors are mounted 1n
mobile terminals and provide silent incoming call alerts and
various vibration functions.

Touch screen LCDs have been employed for the purposes
of size reduction and high quality of mobile terminals.
Increasing emphasis has been placed on improving vibration
motors. For example, when a user touches a touch screen, a
mobile phone will vibrate.

In recent years, linear vibration motors have been used to
allow touch screen phones to vibrate. Linear vibration motors
are not based on the rotation principle of motors. However,
linear vibration motors are driven by an electromagnetic force
with resonance frequency determined using a spring provided
within the vibration motor and a mass hanging from the
spring to thereby generate vibrations.

Here, the electromagnetic force 1s generated through inter-
action between a magnet located on the moving mass, and a
coll part located at a position corresponding to the magnet and
supplying a current having a predetermined frequency.

The linear vibration motor 1s designed to generate vibra-
tions 1n a direction perpendicular to the LCD screen. How-
ever, 1n case the linear vibration motor vibrates 1n the vertical
direction, the linear vibration motor can generate vibrations
when the mass moves while ensuring vertical displacement.
This limits the thickness of the mobile terminal.

That 1s, when the terminal has the reduced thickness, the
amount of vibration being generated from the linear vibration
motor may not increase.

SUMMARY OF THE INVENTION

An aspect of the present invention provides a linear vibra-
tion motor that has a coil part provided on a support plate
dividing a cavity of a case so that a mass within the cavity
moves 1n the transverse direction to generate vibrations, and
a movable part facing the coil part and secured to the mass and
causing the mass to move 1n the transverse direction in con-
junction with the coil part.

According to an aspect of the present invention, there 1s
provided a linear vibration motor including: a case having a
cavity to receive a mass therein; a movable part generating a
magnetic field inside the case and moving 1n a transverse
direction while being secured to the mass; a coil part gener-
ating a force, by which the mass performs a linear recipro-
cating motion, by interaction with the magnetic field gener-
ated from the movable part upon receiving power; and a
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2

support plate dividing the cavity in which the coil part 1s
mounted to face the movable part.

The linear vibration motor may further include an elastic
member nterposed between the case and the mass and con-
trolling the horizontal displacement of the mass moving in the
transverse direction.

—

T'he elastic member may be a coil spring, a torsion spring or
a plate spring.

The mass may be separated into two parts on the basis of
the support plate, the movable part and a connection member
may be connected and fixed at the top and bottom of the mass,
respectively, and the support plate may be arranged between
the movable part and the connection member.

The mass may be separated into two parts on the basis of
the support plate, a connection member and the movable part
may be connected and fixed at the top and bottom of the mass,
respectively, and the support plate may be arranged between
the movable part and the connection member.

The elastic member may be a coil spring, and the coil
spring may have a large enough diameter to make contact
between the movable part and the connection member.

The mass may be separated into two parts on the basis of
the support plate, and a connection member may be con-
nected and fixed at the top or bottom of the mass, and the
movable part may be arranged on the connection member.

The movable part may include: magnets generating mag-
netic flux; and a yoke collecting the magnetic flux generated
from the magnets being arranged on the yoke at predeter-
mined intervals.

The movable part may be arranged above or under the
support plate and fixed to the mass, and the coil part may be
arranged on the top or bottom of the support plate and faces
the movable part.

The support plate may include non-magnetic materials.

A flexible substrate may be arranged on the support plate so
as to supply power to the coil part from an external source.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
ol the present invention will be more clearly understood from
the following detailed description taken 1n conjunction with
the accompanying drawings, in which:

FIG. 1 1s a partially exploded view illustrating a linear
vibration motor according to an exemplary embodiment of
the present invention;

FIG. 2 1s an exploded perspective view 1llustrating a linear
vibration motor according to an exemplary embodiment of
the present invention;

FIG. 3 15 a schematic cross-sectional view 1llustrating the
internal structure of a linear vibration motor from which a
mass 1s removed according to an exemplary embodiment of
the present invention;

FIG. 4 1s a schematic perspective view 1llustrating a mass
and a movable part according to an exemplary embodiment of
the present invention;

FIG. 5 1s a side cross-sectional view schematically 1llus-
trating a linear vibration motor according to an exemplary
embodiment of the present invention;

FIG. 6 1s a bottom perspective view illustrating a linear
vibration motor according to an exemplary embodiment of
the invention;

FIG. 7 1s a schematic cross-sectional view 1llustrating the
internal structure of a linear vibration motor from which a
mass 1s removed according to another exemplary embodi-
ment of the present invention;




US 8,013,430 B2

3

FIG. 8 1s a schematic perspective view illustrating a mass
and a movable part according to another exemplary embodi-
ment of the present invention;

FIG. 9 15 a schematic perspective view illustrating a mass
and a movable part according another exemplary embodi-
ment of the present invention; and

FIGS. 10A and 10B are plan views schematically 1llustrat-
ing a mass of a linear vibration motor performing a linear
reciprocating motion inside a case.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Exemplary embodiments of the present invention will now
be described 1n detail with reference to the accompanying
drawings. The invention may, however, be embodied 1n many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled 1n the art. In the drawings, the shapes and dimensions
may be exaggerated for clarity, and the same reference
numerals will be used throughout to designate the same or
like components

FIG. 1 1s a partially exploded view illustrating a linear
vibration motor according to an exemplary embodiment of
the invention. FIG. 2 1s an exploded perspective view 1llus-
trating a linear vibration motor according to an exemplary
embodiment of the invention.

FIG. 3 1s a schematic cross-sectional view illustrating the
internal structure of a linear vibration motor from which a
mass 1s removed according to an exemplary embodiment of
the invention. FIG. 4 1s a schematic perspective view 1illus-
trating a mass and a movable part according to an exemplary
embodiment of the invention.

FIG. 5 1s a side cross-sectional view schematically illus-
trating a linear vibration motor according to an exemplary
embodiment of the invention. FIG. 6 1s a bottom perspective
view 1llustrating a linear vibration motor according to an
exemplary embodiment of the invention.

Referring to FIGS. 1 through 6, a linear vibration motor
according to this embodiment may include a case 12, a mov-
able part 40, a coil part 55 and a support plate 50.

The case 12 has a cavity therein to recerve internal compo-
nents 1n the cavity. A mass 20 1s received 1n the cavity. An
clectromagnetic force, generated between the coil part 55 and
the movable part 40, allows the mass 20 to move 1n a trans-
verse direction inside the case 12.

The case 12 may be a rectangular parallelepiped. Here, the
direction 1n which the rectangular parallelepiped has a large
length 1s referred to as the longitudinal direction, while the
direction 1n which 1t has a short length 1s referred to as the
transverse direction. However, when the case 12 1s a cube, the
longitudinal direction and the transverse direction are the
same.

The longitudinal length of the case 12 may be larger to
increase the horizontal displacement of the mass 20.

The movable part 40 generates a magnetic field inside the
case 12 and moves in the transverse direction while being
secured to the mass 20.

The movable part 40 includes a magnet 44 generating
magnetic flux and a yoke 42 collecting the magnetic flux
generated from the magnet 44.

The magnet 44 may include one or a plurality of magnets.
A plurality of magnets may be placed on the yoke 42 at
predetermined intervals.
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The cavity ofthe case 12 may be separated into two parts 1n
the vertical direction by a support plate 50. The two parts,
divided by the support plate 50, are not necessarily equal to
cach other and can vary 1n design according to the distance
between the movable part 40 and the coil part 55.

The movable part 40 and the coil part 55 may include
various arrangements while interposing the support plate 50
there between so as to generate an electromagnetic force by
which the mass 20 can move 1n the transverse direction.

Referring to FI1G. 3, the movable part 40 1s disposed above
the support plate 50 and secured to the mass 20. The coil part
535 1s arranged on the top of the support plate 50 and faces the
movable part 40.

The coil part 535 1s arranged on the top of the support plate
50. Here, a plurality of coil parts 55 may be arranged to
increase an electromagnetic force generated between the
movable part 40 and the coil parts 55.

When AC power 1s applied to the coil part 55 from an
external source, the direction of current flowing through the
coil part 55 changes. Here, as the direction of the current
changes, the movable part 40 starts to move right and left 1n
the transverse direction. Since the mass 20 1s secured to the
movable part 40, the mass 20 moves 1n the transverse direc-

tion 1n conjunction with the movable part 40 that 1s moving in
the transverse direction.

An elastic member 60 1s arranged between the case 12 and
the mass 20. The elastic member 60 may use a spring such as
a coil spring, a torsion spring or a plate spring.

In order to increase utilization of internal space of the case
12, as shown 1n FIG. 4, the mass 20 1s separated into two parts
on the basis of the support plate 50 1n the case 12. Since the
mass 20 has a smaller length than the case 12, the mass 20 can
freely move 1nside the case 12.

Referring to FI1G. 4, the movable part 40 and a connection
member 26 are connected and fixed at the top and bottom of
the mass 20, respectively. Further, the support plate 50 1s
arranged between the movable part 40 and the connection
member 26.

The connection member 26 and the mass 20 may be formed
ol the same or different material. When the connection mem-
ber 26 and the mass 20 are formed of the same matenal, they
may form a single body.

The movable part 40 and the connection member 26 may
have a smaller length than the longitudinal length of the mass
20 so that a space 1s formed at both ends of the mass 20 to
receive the elastic member 60 therein.

The elastic member 60 may be formed of a coil spring
encompassing the support plate 530. Here, the coil spring may
have a large enough diameter to make contact with the mov-
able part 40 and the connection member 26.

As the coil spring increases 1n diameter, points of support
between the mass 20 and the elastic member 60 are widened,
thereby ensuring the stable movement of the mass 20 in the
transverse direction.

Preferably, the support plate 50 may be formed of non-
magnetic materials so as not to be atfected by the magnet 44
of the movable part 40 located above the support plate 50.
Here, since the magnet 44 1s distant from the base 14 formed
of magnetic materials while interposing the support plate 50,
formed of non-magnetic materials, there between, the magnet
44 may be prevented from moving down toward the base 14.

A flexible substrate 56 may be disposed on the support
plate 50 to supply external power to the coil part 5. The linear
vibration motor according to this embodiment is connected to
an external substrate through a contact spring 18 to recerve
power from an outer source. The external power, being sup-
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plied through the contact spring 18, moves to the coil part 55
of the support plate 50 through the flexible substrate 56.
The flexible substrate 56 1s connected to the outside of the
case 12 through a substrate passing hole 16 formed 1n the case
12 at a position corresponding to the support plate 50, and as
shown 1n FIG. 6, extends to the contact spring 18 located

under the base 14.

FIG. 7 1s a schematic cross-sectional view illustrating the
internal structure of a linear vibration motor from which a
mass 1s removed according to another exemplary embodi-
ment of the invention. FIG. 8 1s a schematic perspective view
illustrating a mass and a movable part according to another

exemplary embodiment of the invention.
Referring to FIGS. 7 and 8, a specific configuration 1s

illustrated in which the coil part 53 1s arranged on the bottom

ol the support plate 50.

A linear vibration motor according to an exemplary
embodiment of the invention, shown 1n FIGS. 7 and 8, 1s
identical to the linear vibration motor, shown 1n FIGS. 3 and
4, except that the coil part 55 1s arranged on the bottom of the
support plate 50 and faces the movable part 40.

Theretfore, the detailed description of the linear vibration
motor according to the embodiment, shown in FIGS. 7 and 8,
will be replaced by the description of the linear vibration
motor, 1llustrated with reference to FIGS. 3 and 4.

FIG. 9 15 a schematic perspective view illustrating a mass
and a movable part according another exemplary embodi-
ment of the mvention.

Referring to FIG. 9, the mass 20 of the linear vibration
motor, shown 1n FIG. 9, 1s separated into two parts on the
basis of the support plate 50 (see FIGS. 10A and 10B). The
connection member 26 1s connected and fixed at the top or
bottom of the mass 20, and the movable part 40 1s arranged on
the connection member 26.

Since the other components of the linear vibration motor,
shown 1n FIG. 9, may be the same or similar components of
the above-described embodiments, a detailled description
thereol will be omitted. The way in which power 1s supplied
to coils can be easily determined by a person skilled in the art.

FIGS. 10A and 10B are plan views schematically illustrat-
ing a mass of a linear vibration motor that performs a linear
reciprocating motion within a case.

The movement of a linear vibration motor according to an
exemplary embodiment of the mnvention will be described 1n
brief with reference to FIGS. 10A and 10B. A linear vibration
motor generating linear vibration according to an exemplary
embodiment of the invention 1s provided on a board of a
mobile phone. Here, power flows along the flexible substrate
56 through the contact spring 18 toward the coil part 535 on the
support plate 50.

Here, since AC power 1s applied as the external power, the
direction of current flowing through the coil part 55 1is
reversed. The movable part 40, to which a force 1s applied
according to the direction of the current flowing through the
coil part 55, moves right and left in the transverse direction.

The movement of the movable part 40 causes a movement
of the mass 20 secured to the movable part 40. When the mass
20 horizontally moves right and left and alternates between
tension and compression, the elastic member 60 transmits
vibration to the case 12 and the mobile phone including the
case 12.

As set forth above, according to exemplary embodiments
of the invention, since a mass of a linear vibration motor
generates vibration 1n a transverse direction, the thickness of
the terminal 1s not limited. Accordingly, the thickness of the
terminal can be reduced.
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The terminal having the reduced thickness can increase 1n
length to ensure horizontal displacement of the mass, thereby
increasing the amount of vibration.

Furthermore, since the mass can be designed to fit the
entire space of the case, space utilization can be increased.
Since a spring can be arranged inside the mass along the
transverse direction, the diameter of the spring can be
increased.

In addition, the spring increases in diameter to widen
points of support between the mass and the spring, so that the
mass can stably move 1n the transverse direction.

While the present invention has been shown and described
in connection with the exemplary embodiments, 1t will be
apparent to those skilled i the art that modifications and
variations can be made without departing from the spirit and
scope of the invention as defined by the appended claims.

What 1s claimed 1s:

1. A linear vibration motor comprising:

a case having a cavity to receive a mass therein;

a movable part generating a magnetic field inside the case
and moving 1n a transverse direction while being secured
to the mass:

a coil part generating a force, by which the mass performs
a linear reciprocating motion, by interaction with the
magnetic field generated from the movable part upon
receiving power; and

a support plate dividing the cavity in which the coil part 1s
mounted to face the movable part.

2. 'The linear vibration motor of claim 1, further comprising
an elastic member interposed between the case and the mass
and controlling the horizontal displacement of the mass mov-
ing in the transverse direction.

3. The linear vibration motor of claim 2, wherein the elastic
member 15 a coil spring, a torsion spring or a plate spring.

4. The linear vibration motor of claim 2, wherein the mass
1s separated 1nto two parts on the basis of the support plate,

the movable part and a connection member are connected
and fixed at the top and bottom of the mass, respectively,

and the support plate 1s arranged between the movable part
and the connection member.

5. The linear vibration motor of claim 2, wherein the mass
1s separated ito two parts on the basis of the support plate,

a connection member and the movable part are connected
and fixed at the top and bottom of the mass, respectively,

and the support plate 1s arranged between the movable part
and the connection member.

6. The linear vibration motor of claim 4, wherein the elastic

member 1s a coil spring, and

the coil spring has a large enough diameter to make contact
between the movable part and, the connection member.

7. The linear vibration motor of claim 5, wherein the elastic
member 1s a coil spring, and

the coil spring has a large enough diameter to make contact
between the movable part and the connection member.

8. The linear vibration motor of claim 2, wherein the mass
1s separated 1nto two parts on the basis of the support plate,
and

a connection member 1s connected and fixed at the top or
bottom of the mass, and the movable part 1s arranged on
the connection member.

9. The linear vibration motor of claim 1, wherein the mov-

able part comprises:

magnets generating magnetic flux; and

a yoke collecting the magnetic flux generated from the
magnets being arranged on the yoke at predetermined
intervals.
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10. The linear vibration motor of claim 9, wherein the
movable part 1s arranged above or under the support plate and
fixed to the mass, and

the coil part 1s arranged on the top or bottom of the support

plate and faces the movable part.

11. The linear vibration motor of claim 1, wherein the
support plate comprises non-magnetic materials.

8

12. The linear vibration motor of claim 1, wherein a flex-
ible substrate 1s arranged on the support plate so as to supply
power to the coil part from an external source.
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